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ABSTRACT 

, , The conceptual and theoretical iiplicaticrs of 

employing different functional models cf social change at the 
coamuhity level are outlined in this paper* ihile nc nev theoretical 
or methodological ground is broken, a class of models is reccmmended 
that appear infrequently in sociological literaturie, yet are ueil^ 
suited f erf representing social change. In particular, the 
raiaif ications of additive, multiplicative, and lixed models are 
explored. Regardless of wheth^er the variable being examined is rate 
of social change or amount of social change, the additive icdel has 
little to xecpmmend its use. If the researcher is interested ii^the 
amount of change, then a, mixed model seems the test fcrm to be 
employed. If the interest is in the^rate cf change, the ^ 
multiplicative formmay more desirable. Social change can be 
viewed as a contingent process in which the state of development 
interacts with change agents to produce a new stage of development* 
Furthermore, change agents -themselves do not operate in isclation, 
but in a complementary fashion to produce sccial change. 
(Author/JM) . . ^ 
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Abstract 

In this brief paper we outline the conceptual and theoretical 
implications of employing different functional models of social change at 
the community level. In particular we explore the ramifications of additive, 
multiplicative, and mixed models in such^ research. Suggestions are made as 
•i:o the appropriate functional forms to be utilized' in studies of change. 
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Additiv.e, Multiplicative, and Mixed Models 
For Studying Cofrniunity" Change 



Introduction 



ERIC 



^ In^t'hi^s brief paper we wil^l examine the conceptual implications of 
several models for studying social change where the, unit of analysis is the 
community. While no new theoretical or methodological ground is broken, we 
will recommend a class of models which infrequently appear in the sociological 
literature yet are well-suited for representing social change. Specifically 
we will argue that it is conceptually reasonable to view social change 'as 
a contingent process where the initial state of development interacts with 
change agents to produce! a new stage of develooment. Furthermore, we. will ^ 
contend that change agents themselves do not operate in isolation, but in a 
complementary fashion- producing social change. 

V 

Some preliminaries 

Let us assume that interest is*^ocused bn explaining change in a 
dependent variable Y over some period of time." Without loss of generality 
We will assume/that Y is measured on a set of n communities at two points ' 
in time: i,ts/current value Y* and its base period value Y*"^ J Change in Y 
is defined/as the simple difference between these twc values, 



AY 



'^change in iie 



wt-l 

^jve that there 
(Xj^) and that o 
^ it variable/ Agai* 



(1) 




^ e cgents, or 
^ amount of 
H > the amount 



of change in the jth of k independent vciriables in the ith community, 

= X^. - &^ ~ i = l,2,..'.,n ' • (2) 

While the basic argument is that AY is some funcfion^of these ^|^'s, given 
our imperfect knowledge it is unlikely that we can specify the exact 
determinants of AY, It this instance it may be more realistic to assume that ' 
' one or more important independent'variables' have bien inadvertently excluded 
from the model. The effects of these excluded variables can be summarized 
into one term, u^. • The argument is, then, that change in the dependent 
variable is some function of changes ir] a set df independent va^fiablfes — 
social change agents — and a disturbance term representing the collective 
effects of excluded ; variables (deleting the' community subscripts) : 



AY = f(A)Ci, AX2, ••• . AX,^; u) . - . , (3) 

From this specif ioati on two questions arise, first, what sort of .functional 
form should be used to link AY to the predetermining variables? Second, i? r 
the expression on the r,h.s. of '(3) complete; in other' words, are there 
additional terms which should be included, along with the predeterminii^g 
variables already in the equation? 

Let us address the latter issue first s.ince the remainder of the paper 
'Will be devoted to the former. We argu« that the r,h.s. of (3) "3 not 

comiilete because it staires that the amount of change in the dependent variable 

/ " t-1 ' . 

. 3s unaffected by the initial* level of the dependent variab:e Y , We do 

not find this assumption very plausible. Rather we believe as a broad principl 

that the amount of "change will depend on the state of the community in the 

base period t-1 . For example, it could be 'anticipated that 'the .degree' of ^ 



change in aggregate educational attairaiient in a c6mniunity is inversely 
related to 'the level of education in the^base period. It would be expected 
that communities with high levels of educatipnal attainment would, ceteris 
pari bus » experience less change in education than communities with lowerx : 
aggregate education at the initial period. In- a sense we are%Qsi>llV a 
"ceiling" effect such that there is an inverse relationship between a change 
in Y and its initial value. At a more general level, we believe that in most 
situations it woufd tie difficult to argue that the amount of change is 

* 

independen^of the base period value of the dependent variabTe. 

Given this position (3) must be re-specified to includ^ the t-l Nfalue 
of the dependent variable. 



AY = fCY"-"'; AXi, AX2,,. .. ,.AX^; u) . ' 



(4) 



Now that -the terms in the function have been identified, ar acnroDri^te' form 

/ ■ 

to be employed in analysis must be ^selected. 

Functional -Forms 

^ Linear, /^jd-^'^'ve Models . The simpli est change model wouV' . ^rass aY as 
a linear, ac, tiv^^: ninction of the initial value of Y, han- -.he 
independerr \riar*':f-. and the disturbance term: 



+ SiAXi + 62AX2 + ... + 3,^AXj^ ■ u 



(5). 



The part' 



of AY with respect to the predeter n 



iriables 



3.Y 

or 



3AY 



3Y 



FT 



(6) 



show that the eff"::-. of the kth' social change agent, as dene i uhe partial 



der.lvatjv:^ of _AY with respect to AX,^., Js a^constant (B^) for all. of the k 
• independe|it?i'aniabTes^irniVar1y, the.effect of the base period value of the 
^e^pendent variable is > Gbnatant-Furt^ effects of the predetermining 

variables are- additive : the'effect of an explanatory variable does not . 
depend .nor is ^contingent . upon any of ' the r|Tiaining variables in the model. 

These characteristics of the linear, additive model are also obvious 
when (5) is re-writt/n so that only the current value of .Y a/pears on the 



.1 . h . s . : . . I 

= a + (r+1 )Y*"^ + BiAXi + B2AX2 + . . . + 6, 



'J ' 



6'pressidn shows that after an adjustment is m., ■ 7 .se per^o: 
e of Y,' the current value of- the dependent variat : . : itivr 
-ination of the seperate effects of each of'' the s: i z. iger zs^' 

In sum, although thejiinear, additive model has srtair -^dI- 
.ance, it is restrictive and its ' impl icit underV- theore- •:;L,nd; -ions 
-"^unrealistic and unacceptabl e..-The Inodel preser. d in (E jtates 
-ha ne social change agents dp not^ interact with one another, that th^ 
effec-io cf thes^ agents are not conditioned by the initial star. 3 of the 
corrinu 'it\ , and lastly, tha^ the social change effects are constant thro; riut 
their r^ange. Since we do not believ.e that any of these three propositio: ^ 
are r-asonable for most studies of social^change, the linear, additive :::2i 
is rejected as being a viable representation. 

. Mixed Models. Many of the limitations of the linear, additive model 
can be rectified ^by introducing multiplicative interaction terms into the 
fu^nction. The interactive model social change is composed of a mixture of 
additive and multiplicative terms. For simplicity's sajc6, and without loss of 



■ • ' ' ''■ ]•% 

generality, let us assume that 'we are dealing with only two in^e^^indent • 
change agents, AXi.and AX2>and that we believe that there are significant- 
interaction effects among AXi , AX;, a.nd Y^"^ :-i ■■^>-oducing. change in Y, whence 



AY = a + TY*"'' + B:Ai(r ~ Bz^ i - 3i 

+ e3(AXi)(A.A: ■ A);, 



t: 



> and / 
In man;, 
provide; 



twc -wa. 
anc Y*-'^ 
.3 well as 
ances it :s 
e stimLflus 
"ticularly 



Here 61, 62, and r are the "ma^' 
action parameters. In this mc . . we ave ir 
"^eracticns as well as the tr^ree-wa inter 
■ £^ interactions between AXi and and ber-r- 

^le three-way interaction, are especially re- 1 
:he state of .the corflnunity in the base perioc '^n 
for social change. For example, if Y 5 the ^^ /er '.rate 
large value at t-1 may eacourage the i ntrocuc'io^ :f social :nange aqrnts 
designed' to reduce the severity of the problem, this -example there would 
be interaction \mong these agents and the level :f poverty in tne bas.e 
period, t-1 . In fact, any time- change in the ^u;.i }1 ch^ooe agenrs is 
s'timul ated' by the iriitia\ level of the depenaent variable, there exists 
interaction effects such as these. \* 

Some of the conceptual implications of ::hl K mixed model are revealed 
by inspecting the partial d.erivati es of (8) 



9AY 



= r + 01 (AXi ) + 02 (AXz ) ■+ ^^ (AXj ] (AXz ) 
= 6i + 0i(Y*''') + 03(AX2) +,0^(AX2),(Y*""^) 

3AY 

aZXT 



3Y' 

8 AY 



'^^^ = 32 + 02(Y*"b e: X:) + 0.(£),:; Y^~^ ) . 



(?) 
(10) 

) 



■r 



(9) shov/s ' etjfect of the ba^; -)eritd valu^z-of ::]ie dependent 

variable \ aries accordv tlie values o' .Xi,,AX2, and 

their ' interac:. - "larly , .(10) iS that the effe::t of the first 

independent va* iabl-T /lY/3Mi) ts '.ear combinatior of a constant and 
th^ effects O' ,2, and the action between and Y*7^ Likewise, 

(11) shows the :he ef-^ect of the sc^r:: sbrial chari:;;- agent^ is a linear 
function of ^ . and their ir~r- t1on. 

/ In mix- . :l:c:£:jS it is clearly ^L:c::5ible, as shov/n by these partial 
derivative.: ciscuss the effects nese social cne ige agent without*. 
simuHaneo^ coisic^ring the valu-^.. the other soci'dl change agents as 
well as the :i::ate of r.ne community x\ -^e base period, z-l- 'While mixed' 
models are attractive, there is ano::her set of interactive models which' 
also(merit consideration.^ ► ' / . ^ , ' ^ 

Multiplicative Models* Fully jnultipl icgitive models, al 50 known as Gobb- 
Douglas models, .posit that the dependent v-ariable-is a muliiplicative, 
complementary function of the predetermining variables in. the model rather 
than an aciditive combination of "main'' effects -and interactions/ Again 
restricting attention to the situatio^n where there are dnly two independent 
variables, the multiplicative model of change would be 

' ■ AY = :a(Y*-"')^.(AXi)^MAX2)^2 , ' • - ^ ^ (12) 

The coefficients of this^model have a straightforeward interpretation as 
elasticities. T is the percentage change in AY assilciated with a \% change 
in the base period -value of Y. Similarly, is the percenj:age change in AY 
that would r It from a 1% change in AX.. Also it should l^e^ioted that the 
sum of the "ameters of the social change agents indicates whether AY changes 



at an Jncreasing' (ISi+Szl > 1 ) or decreasing ClSi+Sai < TO rate for changes 
in the two 'change agents, ^ * / * 

, ^ As can be seen from the partial derivatives^ of, (12), the effect of any 
one variable in the ^odel is dependent upon the remainin^^ variables, 
including the scaling factor (a): 



= (a)(r)(Y*-b^'\iXi)^MAX2)^2' . v^'i (13) 



3AY 
3AX 



/ - 



14^- = (a)(y*-b^(AX:j^M32)(AX2)^2-^ . (15) 



Comparing (13)-(15) with those of the mixed model, {9)-(ll), shows thkt 
in bothmodels the effects of each^ predetermining variable on AY* are 
conditioned by the remaining variables in the mjjifiel . ThGk major difference 
is that in the mul tiplicative^model th^ effect of^lmy one variable is ^ 
dependent on the interaction among al 1 other predetermining variables 
whereas in the mixed model the effect is dependent upon an additive, function 

: ' ' . ^ 

of main effects and interaction effects. ^ ^ 

iJhile the mul tipl jcati\^e model has certain- attractive features, such as 
the interpretation of its parameters as elasticities, it does bring into 
focus certain, issues whrch dajiand consideration^ **First, since the model states 



that the process generating change in Y is simultaneously contingent upon 
all of the .predBtermin^'ng variables in the equation, the lack of chang? in- ^ 
any one of the variables will ^produce no change, in the dependent variables, 
Thu^ as 02) shows Hf th€rtf "is ro change in either of the socj-al (xhange*' 
agents, or if the base /period va-Tue of the dependent variable is zero, chartge 
in Y-will, also be ,zer(5-.This may or may not be a resonable specific^ation I 

' : . / ■ ' / 



■--8- . 

■ , ■ ■. ■ ■. ' ■ ■■ r'- 

depending on the^^'sociological context of the researcti.^ Second, the mod^l 

does 'present some difficulties in estimation which can be shown by taking . - 

J - ' ' , 

.(12) and solving for the current value of -Y," 



. , > -l^ \ ■ 

This function is ini^^insically nonlinear and can not be easily estimated 

-% ' . • 

without employing an iterative nonlinear estimation solution. 

- ' - - ^ - ■ 
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An Alternative Specif i[:ation 



It could be atgued that communities are in a more-or-less constant 
proces^ of change. If this position is assumed, then we may bje interested 
in discovering the|reasons why communities change at different rates , 
is, wlfat are the determining factors/ which influence the rate of community 



change. Now the appro^iate dependent variable is no. longer AY, but 



/t/v.t-1 C 



3 



plus one). Clearly we could express 



(,Y /Y ''■'), the, rate of change in Y 
the rate^af change as a linear,^ add' 
variables tn a model similar, to ,(5/, but such a model would have the same 



tive function of ;the predetermining 



conceptual limHations as discussed in regard to (5), 

As a better first approximation we could apply the mixed model to this 
new^ dependent variable: \ ^ . ^ 

Wy*^"' = a + TyVV+ 6;iAXi + 62AX2 + Gi ('AXi ) (vV'' ) + ©2 UX2) (Y*"'' ) 



-+ e3(AXi){AX2) + e^(AX^)(M2HY*^'') + u . ^ (17) 



In)thi.s form we are arguing that thB rate bf change ""i a Y is a functijon of 
, tFie-Spdal change aggnts,-the base period value'of Y,. and tbe interactions 

among *these pre<JetenTiin.ing variables. -The partial derivatives of this/model 
•would be sihjilar to those presented in (9i)-(lT) -and will .not be .presented 



hrer'e. It" is instructive to .take (U) and solve for the current value 'of 

■ * ' - — ^ ^ • » . 

.Y^ = a(Y*"^) + r(Y*-'')2 + 3i(AXi)(Y*-'') + 32 (^Xa ) (Y*"'') ' ■' ■ - 
J ■ ' ,+ ei(AXi)tY*-"')2 + 02(AX2)(Y*-^)2 + 03(A)(i)(AX2)(Y*"l) 

^- + ^^(^X:)(AX2)(Y*""')' + V (18) 



where.. V = u(Y*"^). '(18) shows that the mixed model of change implies th^t-the 

cu^r^ent value of the dependent varia^ble is a function of the interaction of 

Y*"^ with each of the predetermining variables. This fu^her implies that 

1j5 not'only affected by _t'he linear effects of Y*"\ but also the; qiradr^tic_ 

• • • 

effects. This mayor may not be a reasonable specification of the process 
by which current values of the dependent variable are generated, but .in any 
regard this specification appears to ^b« so, complex as to inhibit a simple 
substantive interpretation of the mqdel's parameters. 

If we apply the fully multiplicative functional form'to^this dependent 
variable, ; . - ^ 

- ' a{^^-h^{^x,fH^^J^ u . ' (19) 

and then solve for the current value of Y, ' - ^ 

^^-.a(Y*""')^^^(AX:)^MAX2)^^ u \ ^ (20) 



we find that r 1s ^ne percentage increase in the. rate of change for a IX V • 

change in the base period VSlue, yet^(r+l) is- the percentage change in the 

' V t-1 4 ' , % ' 

current value ^of Y given a 1% change irr--Y « . T|ius we cSn readily express 

the effect of the initial period either in terms of the rate of change 

^{yVy*"^) or the current value , Y*. Turthermore, a compar^ison of^ tKese two 

equations shows that Bj^ is the percentage change in either (yVy^^ or Y*. 



Hence we c^n readily interpret, the parameters of (19) either in tenps of .' 

tne<;ratj? af change tn the dependent, variable' or in terms of the current - • ' 

■■,.'-"T - ' .- . ■ , ■ ' ■• . • ^ • ■ r. ' 

valiJ%;of Y.. --In either of Uhe.se instances the parameters fetain theih-- ' ' 

" .\ ' , "'■ ■ ■ ' - * ■ "■ , - ' " ■ ■■ . ~ ' ■ ' ■ ■ 

interi^|etation -as the percentage cHaiige in the dependent variable fesuTting 

..from a 1'% change in ithe predetermining, variables. ' ' 

Concluding Comments 

- We h^ outlined the features of three functional Toms which could ,be' 
used to study community ciarige. Whi.le by no means exhausting the potential 
forms'which could be employed, thes^^ree have simple mathematical A 
properties which lend themselves to analysis . Regar^'l^ss of the functional 
. f^m chosen we argued that the base period valu^Af tiie dependent variable 



should be included as one of the predetermining variables in the model. ». 

We noted that researchers may be interest^' i^.'either of two types of 
variables: the amount of change in a depen^qt Variable, AY, or the\^te 
of change iji the dependent variable, Y-'^/Y* ^ . Regardless of which variable 
is of inter^gst though, the lin'ear, additive model has little to recommend 
Us •use.|. Although it is easily' estimated its parameters have a straight- 
forward-Interpretation, this moilel is far too ' restrictive and implies 
unreasonable conceptual limitations on the analysis. If the researcljer is 
interested in the amount of change (AY), then, a "mi)^d", model seems to be 
a reasonable functional form to be employed. In this formulation the amount 
of change is expressed as a function of the "main" effects, of tfie: pre- 

... ■ ■ ■ / 

deterniin-ing variables and their interaction terms. Op tbe other hand, if 
interest is on the rate of change , the-mu1tip1icative form may be more 
desirable/ In this models the *Wte of chcinge i^ determinefi by thfe joint 



-. • • ' r 

interaction among all the pred'etermining^ariabl es. One added advantage of ^ 
this specification is that its parameters have'a simple interpretation as 
the percentage change in the dependent variable.TesuUing from a ^% change 
in^the prede^y^ining variables. ^ " - *' 

\ While It would be imposs-ibl e for us to specify: a'suitabl^ functional 
form »tha{ is appl icabl e to alV substantive research problems, the mixed 
and multiplicative riodets^ seem 1 ike reasonable choic^fe-s for aNwide variety 
of research -problems. 
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' ■ ' Notes 



y 

.^Without loss of generality the arguments presented here can^bf 
extended to models with jtiiritTy-dependent variables as well as .models 
invdivlng more than two points in^time. If there are multiple ppyfnts in 
time., the estimation of the. models discussed here are copiplica^^. See 
Nerl'ove's (1971) paper: for a discussion of the estimation of/^rtime 
s.er^ies of cross sections. ^ / ' J / 



: If we wish to es£imatej(5) we run immediately ii)to the. problem of 
Y " appearing on both sides of the equation. To estimate- this mode] we 
first rewrite the function solving for the cu rr en VA^alUe of Y: '^^ 

Y* = a + '(r+i)Y*""^ + 61AX1 + 62AX2 -^^^y:. ^k^\ • 

If Y*"^ is considered a fixed exogenous facmr^ then this equation can be 
estimated directly and the parameters of can be easily retrived. 1/ "i^"^ 
is endogenous, however, it will be quite/likely that there will be a 
correlatipn between^ i ts value anu che^d^fsturbance term thus rendering 
ordinary least squares estimates incorisistent • For a discussion of this 
issue we any standard econometrics/^^t such astKmenta (1971) or Theil (1971) 

3 ' ' / t^l 

The rate of change is defined as: AY/Y . . Since ^ ' ' 

\ AY/Y^"^ = i.Y^- Y*'"')/Y*'"' = (Y^/Y*"^) .- 1' , 

we find that^XY^/Y*"^ ) is the rate of change in Y' plus one: ' 

' {Y/Y*'"") = (AY/Y*"'') + 1 y ^ ^ ^ ^ ' : . 

For an example of a study using this type of dependent variable^see Greenwood 
(1275) investigation of urban migration. 

^0 estimate (19) we take the natural logarthm of (20), 

In Y* = In a + (r+1 )ln(Y*'"b + Biln(AXi) + 'BalniAXz) + e 

where e = In u. If Y*"^ is a fixed exogenous variable this equation ' cair^be 
estimated using ordinary least squares . See note #2 for a'further discussion 
of this point and Greenvtfodd's (1975) study of migration for an illustration ' 
of the usage of this functional form. . " 

■ \ ^ ; •' ' ', 
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